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THE APPLICATION OF LIGHT ALLOYS ТО 
STRUCTURAL ENGINEERING. 


J. McHarpy Yovxc, B.Sc., M.IStruct. A.M.LC.E. 


INTRODUCTION. 


Tue use of aluminium and its alloys has increased enormously in 
recent years in aircraft, marine, automobile and chemical engineer- 
ing. Their application to the field of structural engineering is 
of more recent growth and the amount of light metals used in 
structures is а small percentage of the total production. At the 
same time, the application of light alloys to structures is increasing, 
as is shown by the erection of several light alloy structures both 
in this country and abroad. Light alloys have the advantages 
of a high strength-weight ratio and of an inherent resistance to 
corrosion. 

Aluminium is the most important of the light metals and is 
the third most abundant element of the carth's crust, forming 
about 8% thereof. It is usually found in the form of complex 
silicates; the ore which is used commercially is called bauxite and 
is widely distributed over the world. The extraction of the metal 
from the ore is costly. | In the first place the bauxite is chemically 
treated and calcined to obtain alumina or aluminium oxide. Тһе 
amount of alumina obtained is about half the weight of the ore 
and the fuel required per ton of alumina is 3 tons of coal or its 
equivalent. The alumina is dissolved in a bath of cryolite to form 
the electrolyte and із then reduced to its constituents, aluminium 
and oxygen, Бу electrolvs The amount of electricity required 
to produce 1 ton of aluminium (from 2 tons of alumina) is 20,000 
It will be scen that the process is а commercial 


For that reason the production of aluminium is generally carried 
out where cheap hydro-electric power is available. 

Magnesium which is used for alloying aluminium comprises 
about 294 of the earth's crust and is extracted by distillation from 
ores or by electrolysis from brine or sea water. 

Commercially pure aluminium has little tensile strength. (about 
5 to 6 tons/in.?) and, therefore, it is necessary to Improve its pro- 
perties by introducing additional metals in thc form of alloys. 
Тһе usual additions are copper, silicon, manganese, magnesium, 
chromium, iron, zinc and nickel. In the case of wrought alloys, 
i.e., those used for plates and sections, the total additional material 
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should not exceed 794. For some of the wrought alloys the 
strength may be improved by strain-hardening, in others by “авс- 
hardening" which was first noticed by Wilm in 1907. Wilm was 
associated with copper-content alloys and with the development 
of the duralumin alloys. Later alloys include the aluminium- 
magnesium group (for high resistance to corrosion) the aluminium- 
magnesium-silicon group and, finally, the aluminium-magnesium- 
zinc-copper group (for high ultimate tensile strength). Wrought 
alloys are formed by hot working of the original cast billet. | This 
may be rolling, extruding or forging and causes а break-down of 
the original cast structure. Hot-working refines the grain structure 
and disperses segregations which might cause brittleness through 
the metal. Wrought alloys can be classified as (i) work-hardening 
alloys or (ii) heat-treated alloys. 


(i) Work-hardening Alloys.—These are principally magnesium- 
content alloys and derive their strength from cold-working such as 
drawing, rolling or forging. Аз the strength increases the ductility 
diminishes. They are often denoted by quarter-hard, half-hard, 
etc. Extrusions are produced hot and are, therefore, more or less 
soft. For certain shapes, the strength can be improved by cold- 
drawing after extrusion (e.g., tubes). 


(ii) Heat-treated Alloys.—These can contain various alloying 
constituents and the heat treatment may be carried out in one or 
two stages. The first heat-treatment is usually called “solution” 
heat treatment and consists of raising the temperature to about 
500°C. and quenching in oil or water. This results, as in the case 
of steel, to hardening. The effect of heating to 500°C. is that the 
alloying elements are taken into solid solution and the quenching 
causes this state to be maintained at normal temperatures. Іп 
certain alloys this is an unstable condition and the alloying elements 
or compounds commence to precipitate from the solid solution in 
a very fine and uniform state. This causes hardening of the 
metal. Metals which precipitate fully without heat-treatment 
are classified as "natural age-hardening alloys." Гог some alloys 
the precipitation ceases after a few hours and it is necessary to 
apply a second treatment known as "artificial age" hardening or 
“precipitation treatment." This consists of heating to about 
150-200*C. and maintaining that temperature for about two hours. 


CLASSIFICATION OF ALLOYS. 


Since every manufacturer has his own particular form of 
nomenclature, it is advisable to adopt the terms used in BS/STA7 
"Services Schedule of Non-Ferrous Metals and Alloys (Group 6— 


NGINE 


STRUCTURAL 


TO 


peu Апу H 
“pany E 
трае 
рлер [—HÍ 

трамицовуитн 82-І 

"popeouue. Ху 


"Ap[einjeu aĝe шм “от 
Зилицтац двоц попеуфоолі ou 
Surnboz—pojear qway uonnpos— J, 
“рәтгәц 3e0 попе роола 
uoqj розвалу угоц џопијов— аду 
"juoureo1) увоц поперогії ој 


puodsor цім--роуводу yeay uonnjs— M 


m а а а 
ред « uon 
dins pue 3204s 
Suse | юз 
soqny, 
« « 
“ m 
Я и | зпопоов рим ват 
peany АҢ? ош 


Pul 


He pean) 


ялы лор өлү 
DIES Sutppay 
dins pue yous 


боб г, 


= “ “ 
“ “по а 


зпоподв pue виж 
оли лор DNAN 


| | 
| 422% Wa | олт-ад\- сон | 
| н P OLFL- Л\- “ОН | 
| *  uonnpos OLFI - M- 
а б Anar имам - 
“ “ а ШЕР {= 
7 uonnjos ТРГ - АС 
A t чити “а= | 
ка = = Мр | 
а “ “ > Ше | 
paean wey попщов | = Де 
pomjovjnueur ву | W- FH | 
роргоциу ~ O° PRIH | 
ройь Woy моппјоб = L- Ман 1 
Peanjounueur sy К - OIMH 
от ki “dA OISH | 
| “ ae AUNT - ам - OLLH 
se 4 попшов | 7 M- OLEH 
р “ i AM | гам- ШЕН 
| ка " — попщов ' 
ЈА S Apr 
рәўнәл Jeol, ,uennios 
popeouu 


нему 
DSIMV 
DSIAV 
астму 
ОСУ 
SIMY 
ASIMV 
ҰСІЛУ 
SIAV 

FAV 

TIMV 

НАУ 

EIMV 
AOLMY 
OLAV 
201AV 
201A V 
"orav 
УМУ 

fA V 

VOMY 
AV 


| түре 5 дому 
| dins pue poys | papou 404 otti- Q- 95 
5 pey f “ ©“ iti- H¥- QIN 
| soqu F, рәшәшіш 4004 и 0- OEN ЧОМУ 
| $10295 pur saeg) ; роипэеймини sy¥—auon УГ К QAX VIMY 
Satu] | плод : dun], pue | шәдшақ сер рим 10412211588) 
| змошувомі, 12H чопо ва | — £VIS/SH 


“8А011У WNINIWNTY 30 33Hn1V19N3WON аму NOILVOIJISSY19 


6 THE APPLICATION OF LIGHT ALLOYS 


Aluminium and its Alloys)" or B.S. General Enginecring 
tions for Wrought Aluminium and Aluminium Alloys, vi 


B.S. 1470 Sheet and Strip 
» 1471 "Tubes 
ә. 473 Wrought Aluminium Wire for Rivets 


» 1474 ( and | Welding Wire 


Specifica- 


» 1476 Aluminium Alloys Bars, Rods and Sections 
„ 1477 Plate 


TABLE No. 1. 
COMPARISON OF PROPERTIES. 


Average of Alloys Mild Steel to 
Property AW6, AWS, AWIO & AWIS | B.S. 15 : 1948 | 
Young's Modulus 
(E) Ibs. /in.? 10,300,000 30,000,000 
Modulus of rigidity ' 
(shear-modulus) Ibs./in.* 3.870,000 13,500,000 
Poisson's ratio 0-33 0-30 


Coefficient of linear 


expansion for * -000013 “0000068 
Melting ranges 986 - 1200 2714 - 2786 
Specific heat (0-100°C.) 0-226 0-116 
"Thermal conductivity 

B.T.U./ft.3/°F/sec (0-212°F) 0-32 0.698 
Specific gravity AWG 2-65 

AWO 2:72 7-86 
AWIO 


AWIS 2-81 


From the table it will be seen that the ratio of the moduli for 
alloy steel is approximately 1:3, a fact which must be borne in 
mind when considering deflection. Оп the other 2“ the ratio 
of weights (for equal volumes) is approxima меу 0 35 :1, Le, the 
weig ht of the light alloy replacement is 35%, of the steel wi eight. 
This is an important factor in the design of large bridges, сїс. Tt 
should be noted, however, that a volumetric replacement of light 
alloy sections for steel sections is bad design since it fails to take 
advantage of the special shapes available in light alloy which are 
not available in steel. 


PRODUCTION OF LIGHT ALLOYS, 


While sheet strip and plates are produced by rolling as in the 
case of steel, other sections are generally produced by extrusion 
or by extrusion combined with rolling or drawing. In the ex- 
trusion process a billet of hot metal is forced through a кісе! die 
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by means of а hydraulic ram. 


diagrammatically 
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A typical extrusion press is shown 


in Fig. 1. А large variety of shapes can be 


produced in this way, in fact any practicable section within the 


limits of а circumscribing circle. 


Hollow sections can be produced 


by means of a mandrel from a hollow billet or by using the "рагі- 
hole" extrusion process and a solid billet. | 


Maximum Circumscribing circle 12-17 in. for solid sections. 


” ” 


» ” 


10-11 hollow ` 


8-9 


$ » » porthole extrusions. 


Diameter depends partly upon the intricacy of the section. 


In addition to 
and tees) 


produced ; particu 
Speci 


additional expense 


catalogues. 
purpose, the only 
may be negligible 


the standard sections (joists, channels, angels 


listed in B.S. 1161, a large variety of sections can be 


ars of some of these will be found in the makers' 
al sections can be designed for any particular 
being the cost of a die which 


compared with the saving in material. | When 


considering the design of such sections the “extrusion factor” must 


be considered. Т 


area of extruded shape. 
16 or greater than 4 


18 square inches. 
tion. Shapes can 
hollow ; the holl 


his can be defined as the ratio :—area of billet : 
Normally this should not be less than 
5. The area of the extrusion should not exceed 
The shape should also be taken into considera- 
be classified as (1) solid, (2) hollow, and (3) semi- 
ow type being the most difficult to extrude. 


Type (3) is general 


Ф 


y extruded by using a tongue on the die (Fig. 2). 


g L 


(7) 
e (2) [ | П. 


Fig. 2. 


Тһе relation between the width of the tongue and the area of the 


void has an effect on the difficulty of extrusion. 


For all extrusions 
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СР? 
the shape factor / = oA 
where С = diameter of circumscribing circle (inches). 
P = perimeter of extrusion (inches). 
А = area of extrusion (inches?). 


Then the difficulty factor (D) is 


ound from f and the diameter 


of the circumscribing circle. The cost is determined from :—(1) 
factor (D); (2)alloy and temper, and (3) weight per foot (for solid 


sections). lor hollow sections ex 


ras must be added for the 


increased degree of manufacturing difficulty. Тһе cost increases 
with the strength of the alloy and decreases with the weight per 
foot. Another point which must be considered when designing 


special sections is the minimum thi 


ckness. While sections have 


been extruded with a thickness of 0-05 inch, these should not be 


used in stressed members for Ше fol 
in manufacture; (2) likelihood of 


owing reasons :—(1) difficulty 
ailure due to local instability 


(вее section on design), and (3) in connecting such sections the rivet 
or bolt value will be based upon bearing which will be small in such 


cases. The Institution of Structura 


Engineers limit the minimum 


thickness to 0-08 inch and other au 


horities to 0-10 inch. These 


limits should be adhered to in any member subject to calculated 


stress. Tolerances on extruded sect 
unless specially arranged. Sections 


ions are as given in В.5. 1161, 
can be extruded up to 40 ft. 


in length in general but lengths up to 80 ft. can be extruded when 


heat treatment is not required and 
large. After the section has been е 
de-twisted in a special machine and 


Workmanship.—The manipulatio 


he cross sectional arca is not 
xtruded it is straightened and 
he heat treatment completed. 


n of light alloys is:generally 


similar to that of steel with the exception that flame cutting is 
not permissible, since the metal melts instead of burning. 


Shearing can be used on plates, s 


heets and sections up to 1 inch 


thick, as for steel. Material over 1 inch in thickness should be 
sawn. Sawing can be carried out with circular or band saws and 
lubricants of the soluble oil type are recommended for this purpose. 
Circular saws should be used for straight cuts and band saws or 


routers for curved cuts. In either 


case high blade speeds should 


be used: 5,000 ft./minute for band saws and 10,000 ft./minute 


Тог circular saws. 


Machining operations can be performed as for steel but cutting 


tools should be specially ground witl 
for steehwork practice. In additio 
compound is advisable. 


1 more side and top rake than 
n, a liberal use of a cutting 


Holes may be drilled full size or sub-punched and reamered. 
When holes are drilled simultaneously through two or more thick- 


B 
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nesses, the layers need not be separated after drilling. Whether 
holes are drilled full size or sub-punched and reamered, the clearance 
of the finished hole should not exceed tbe following limits :— 


Clearance. (inches) 


Aluminium J Under 1" dia. 1/64 
Alloy Rivets. | 4” dia. and over. 1/32 
Steel Under 1" dia. 1/32 
Rivets. 1" dia. and over. 1/16 
Bolts, Steel Under У dia. 1/32 
or Aluminium 1" діа. and over. 116 
Alloy. 1 


Bending.—The question of bending must be considered in the 
light of the properties of the particular alloy. Since the higher 
strength alloys are less ductile than the lower strength alloys, they 
require larger radii. Considering plates or sheets of thickness /, 
the minimum radius is a function of the percentage clongation. 
For a ductile alloy the percentage may be 20, in which case the 
minimum radius is 21 ft. If for a stronger alloy the percentage 
elongation is 10 then the minimum radius must be increased to 54. 
For sections the minimum radius is a functicn not only of the 
percentage elongation but of the depth of the section in the plane 
of bending. Гог difficult profiles, such as reverse curvatures, 
applied to fully heat-treated alloys, the most satisfactory solution 
is to have the section formed to the required profile by the manu- 
facturer before the final heat treatment. 


Connections may be formed by riveting, bolting or welding. 
Rivets may be either mild steel or aluminium alloy. In the earlier 
days of light alloy structures, it was common practice to use steel 
rivets. While the use of steel rivets is allowed in the specifications 
they have certain disadvantages ; (і) they are generally driven hot, 
and if care is not taken, overheating may occur in the alloy which 
may have harmful effects ; (ii) the difference in electro potential 
between steel and light alloy may set up electrolytic action. | This 
can be avoided by painting or coating the rivet heads with alumi- 
nium. Aluminium alloy rivets are preferable and should be driven 
cold by squeezing or hammering. Hot riveting is not used to any 
great extent since there is only a small workable temperature 
range. Some rivet alloys are available for use after the solution 
heat treatment. These are usually driven within 2 hours of the 
heat treatment before natural age-hardening takes place, but they 
can be kept in cold storage to delay agc-hardening until the rivets 
are required. Тһе alloys AW6 and АМ13 are generally used for 
rivets. The shear strength of such rivets is less than that of mild 
steel rivets (about 60%) but since the bearing valuc is governed 
by the bearing stress of the metal joined, their strength as connec- 
tions may not be materially less than mild steel rivets. It is, 
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however, worthy of note that in some cases where the loads аге 
high, it may be advisable to use the fully heat treated alloys AW10 
апа AWIS Юг rivets. This may raise the question of the pressure 
required to close the heads of such rivets and may cause a modifica- 
tion of the shape of Ше rivet head. Instead of the usual "snap" 
head, a cone type of head may be used, the pressure being reduced 
by 40%. Pan types of head may also be used and an interesting 
development is what is called the "'counter-bored" or “гесеззей” 
type. In this a much smaller pressure is required which is very 
useful when dealing with high strength alloys. In addition to 
solid rivets, tubular rivets are often used for light alloy structures. 
These are driven by “pistols” using а mandrel which expands the 
walls of the rivet against the sides of the holes. These holes must 
be drilled to very close tolerances and the rivets may be of either 
the "break-head" or “break-stem” types (Fig. 3). Sealing pins 
may be used in conjunction with these rivets. Tubular rivets 
have been driven up to 2 inch diameter in this country. Тһе 
material used may be either nickel steel or alloy. Tubular rivets 
are less efficient in shear than hot driven rivets since the latter 

ossess an inherent strength due to friction under the head as a 
result of shrinkage. | While tubular rivets are uscful for inaccessible 
parts (since they do not require holding-up) and they can be driven 
by unskilled or semi-skilled labour, they should be used for secondary 
rather than primary members. 


BREAK STEM 


Fig. 3. 


Bolts may either be mild steel or alloy. | Mild steel bolts should 
be galvanized, sheradized or cadmium plated to mininise the risk 
of electrolytic action. Washers should be light alloy or mild 
steel treated with zinc or cadmium. The choice of bolt material 
will depend upon the degree of exposure and the importance of 
the connection. 
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Welding may be either (a) gas, (б) metallic-arc, (c) argon arc 
or (d) resistance. Gas welding is suitably only for fairly thin 
sections and sheets and is of limited use to the structural engineer. 
Metallic-arc is the most adaptable type for the structural engineer. 
Its main advantages are that fillet welds are easily formed and 
there is little danger of lack of penetration of the parent metal. 
High welding currents are used, with a rate of deposit about three 
times faster than in the case of mild steel. This helps to localize 
the heat effect and to raise the cooling rate which may be helped 
by using heavy steel jigs. The welding rod is usually 5% silicon 
alloy. Тһе ultimate strength of the weld is about 10 tons/in.? 
which may be raised to 18 tons/in.* by heat treatment (AW10). 

Argon arc welding is of more recent origin and dispenses with 
the need for a flux. It is carried out by means of a torch in the 
form of a tube. Ап inert gas (argon or helium) is fed down the 
tube and an arc is struck between the tungsten electrode and the 
material which is being welded. Тіс filler rod is held in the 
operator's other hand. The fusion takes place in an inert at- 
mosphere so that oxidation of the weld metal does not occur. 
Welds can be produced with an ultimate tensile strength of 18 
tons/in.2. It has, however, certain limitations owing to the fact 
that the rod must be held in the other папа. The limitations of 
the argon arc process have led to the development of another 
process known as Argonaut in this country. In this process the 
arc is struck in the atmosphere of argon between a filler wire 
(which is fed automatically down the central tube of the torch or 
gun) and the material being welded. The arc conditions, filler 
wirc diameter and feed rate are so chosen as to cause transfer of 
the molten metal to take place in the form of a spray and not by 
droplets. Тһе gun is held by the operator and is used to direct 
the arc to the welding zone. At a certain minimum current 
density (which varies with the electrode size and material), the 
transfer of the metal across the arc changes from the globular form 
to a spray of extremely fine particles, which are projected from the 
end of the electrode in the direction in which the gun is pointed. 
In this way vertical and overhead welding can ђе carried out 
without difficulty. One of the main advantages is that welds 
are made without flux, obviating the necessity for post-weld 
cleaning and also the danger of corrosion in service due to chemical 
action. 

Resistance welding is limited to thin plates and sections and, 
therefore, is of comparatively little interest to the structural 
engineer. 


Design.— The choice of alloy for any particular purpose depends 
upon several factors :—strength, workability, resistance to corrosion, 
etc. The most useful “general purpose" alloy for structural work 
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із AWIOB (НЕ10--УУР). Where high strength is required the 
most suitable alloy is AWISB (HEI5WP) although this is less 
ductile and, owing to its copper content, the alloy is less suitable 
for general use. It is sometimes good practice to use an alloy 
for gussets which has a lower tensile strength but better ductility 
than the alloy used for the main members. — Where there is great 
risk of exposure to sea-water and strength is a minor consideration 
AWG may be used. This is а high magnesium alloy which is 
resistant to the action of sea-water. 


In considering working stresses for alloys the proof strength 
is taken as Ше criterion. Aluminium alloys do not possess а 
marked yield point and, therefore, the 0-1%, proof stress is used, 
De, the stress at which there is а permanent set of 0-195. , (In 
America the 0-2%, proof stress is used). The values of the proof 
stresses for various alloys are given in the British Standards and 
the manufacturers give guaranteed proof stresses for their pro- 
prietary alloys corresponding to the standard nomenclatures. 

The safe stresses in axial tension are based upon. the proof 
stresses; in other words, the proof stress divided by the factor of 
safety gives the basic tensile stress. The factor of safety for 
alloys should be higher than those used for structural steel owing 
to the fact that the range between the proof stress and the ultimate 
tensile strength is less than in the case of steel. | Table No. 2 gives 
the properties of structural alloys together with the basic tensile 
stresses and the corresponding factors of safety. 


TABLE No. 2. 


| | | Вазіс 
Proof | Ultimate | | Tensile 
Tensile [Elongation | Stress ! Factor of 
Alloy | :ngth | % Safety. 
- М - АМВА. 8 | 16 | 18 4 2 
ІН - W- АМА 5 | 9 18 2.5 2 
НЕТО - W - AWIOA T 12 | 18 35 2 
HE9 - WP - AW9B | 10 12 | 16 4 5 2 
НЕЮ - WP - AWIOB 15 | 18 10 6-5 2:31 
HE15 - W - AWISA | 14 | 24 | 15 А 2 
HE15 - WP - AWISB 8 10 24 


It will be seen from the above that the factors of safety vary 
between 2 and 2-4. In America the safety factor for the tensile 
stress is generally 1 of the proof stress or } of the ultimate stress. 

In bending compression the working stress is governed by 
consideration of (a) lateral instability, and (b) local instability with 
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a limiting stress based upon the strength of the particular alloy 
and the ratio of unsupported length-breadth of the section. The 
maximum ratio of 1/0 for which the maximum bending stress сап 
be used can be taken as Table No. 3 below. 


TABLE No. 3. 


Alloy Ratio | Stress (tons/in.2) 


HEIO - W- AWIOA 3-5 
5 


| 
15А | 16 
| 


HEIO - WP - AWIOD 17 | 
HE15 - W | 
HE15 - WP - AWISB 13 | 10 


For ratio of L/b greater than those given in Table No. 3, the 
allowable stress must be reduced to 


(this formula embodies a factor of safety of 25). Тһе values P, 
are plotted іп Fig. 4. The maximum bending stresses for each 
particular alloy are also shown in Fig. 4. While the formula 


s» / 25b; * 
Eg MO ж өле! 


is satisfactory for sections of the I and H profile it is not so appli- 
cable to other sections. Since the failure of а member due to 
lateral instability generally involves a torsional effect along part 
of the length, the torsional factor J is important and should appear 
in the formula for permissible stress. The factor J can be assessed 
by dividing any member into a number of rectangles of breadth 
b and thickness ¢. Then the factor for each individual rectangle 
сап be written as 03/3 and the factor for the whole member as 
50/3. This is applicable to members composed wholly of rect- 
angles but many structural sections include fillets at the junctions 
of straights, e.g., angles, tees, joists and channels. In addition 
to these many extruded sections have lipped or beaded edges in 
order to increase the resistance of outstanding parts to local in- 
stability. The subject has been dealt with by С. W. Trayer and 
H. W. March (N.A.C.A. Report No. 334, 1930). The results of 
their work can be summarized as follows (see Fig. 5) :— 
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Fig. 5. 
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(1) For angle and channel root fillets add а term 
=h (97 4-076 х) ра 
а 
where А = 15/11, = ‘lesser thickness. К = fillet radius. 
ћ = greater thickness. 
D = diameter of the largest circle which 


can be inscribed in the space bounded by the external faces at the 
corner of the section and the surface of the fillet. 


(2) For each tee root fillet add a term 
=h (15 + 10 =) ра 
ћ 


where л and D have the same values as before and R//, = ratio of 
root radius to flange thickness. 


Hence the torsion constant of an angle 


J = J, + Je + Л where 
at? 

h = = ЯМ 
(ДА 

و۰105 — —= = 2 

Je 3 Sty 


R 
Js = à (07 + 076 а, 
ћ 
For a ке J = J, + Js + Js where 7, J, are as before and 


рай (45 + 10 Е) p: 
1 


Гог a joist J = 2J, + Jo + 21,5 where 
Л = а]3 — 2142 
Ja = из 


ы к 4 ty 
Js ей (15 +10 Е D'and k = ™ 0г 
4 is d 


(whichever is smaller) 
For a channel J, = 27], + Jo + 2J; 


where Л, Ja are the same as for a joist and 


R 
% =Й (97 + -076 ry p: 


1 
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Fig. 6. 


For lipped sections (Fig. 6) an additional term J, must be added 
to obtain the torsion constant J. If the projection of the lip is 
5,—1%/2 then 


ћ RA = 
Ja -as(s- уа + (074-076 4) p: 
Similarly for beaded edges 
D 
те (18 + 02 ;-) ри 


Note that the values for J, apply to each lip or bead. For 
many structural sections the values of J are listed in the section 
books published by manufacturers but in other cases it is necessary 
to calculate ) as set out. The diameter of bead for angles and 
joist sections should be 2} x thickness of leg which is beaded. 

Having found the value of J the effect on the lateral instability 
сап be investigated. Тһе formula can be based upon the work 
of Timoshenko." In order to allow for the effect of the torsion 
factor J it is necessary to introduce the function B. 


2 


J (1. 
В = Га 117 + ( ) where 
I d 


1 


I, = moment of inertia about an axis parallel to the web 
(та). 

J = torsion factor (in.4). 

d = depth of beam (ins.). 


1 Theory of Elastic Stability. 
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Having found B, the value ої must be found where 


М BSc 
Se = section modulus about the axis normal to the web (com- 
pression side) (іп.3). Where beams have top and bottom flanges 
of different lateral stresses I, should be calculated as if both flanges 


L 
М вс 
greater than 27:5, the bending stress can bo taken as approximately 
5,000 tons/in.?, 


were the same as the compression flange. Гог values of 


(жы) 

У BfSc- 

Tor values less than 27:5, the curve is extended using the "tangent" 
modulus of elasticity with a cut-off at the appropriate ceiling stress 


for the particular alloy. | This has been plotted in Fig. 4a and тау 
be compared with the curve in Fig. 4. 
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Fig. 4a. 


In addition to lateral instability the effects of local instability 
must also be considered when dealing with thin-walled sections. 
Тће allowable stress сап be found from the formula 

1600 


= 8 x Ко (їоп5Лїп.®\. 
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where F7 = permissible average compressive stress in the flange 
or web (tons/in.?). 

b = width of flange or web. 

! — thickness of flange ог web. 

Ко = factor depending upon the conditions of edge support. 
The values of F? have been plotted in Fig. 7 for Ко = 1 and the 


values of K, are also given for various conditions of edge support. 
The difficulty lies in assessing the appropriate value of K,. It 
should be noted at this stage that sections hav ing lipped or beaded 
edges rarely fail by local instability and that is unnecessary to 
check t these for such types of failure. 


American practice jn dealing with this condition is different 
from British and usually consists of finding the limiting stress 
corresponding to the appropriate lateral slender ness ratio. Having 
found this stress, the corresponding value for 0/4 is found by means 
of a curve in terms of stress and 1./0, the lateral slenderness ratio. 
If the actual 51 ratio is less than the bit ratio found in this wav, 
the section is not liable to failure by local buckling. И. on the 
other hand, the actual 0/2 is greater than the value found from the 
curve, then the problem may be solved by using an effective width 


fl 
be where be = b= 
fe 
and Р = actual unsupported width 
. load 
fc = 
| атса. 
а і 1. 
and / = stress corresponding to the ratio of — and T 
, 


Having found be, the effective area сап then be found and the 
compressive stress calculated by dividing the design load by the 
effective area. This stress must not exceed the limits laid down 
for compressive stress. Note that in all cases of lateral and local 
instability, the stress is not dependent upon the basic strength of 
the particular alloy except in so far as the elastic modulus may 
vary. The curves in question are based upon the work of various 
authors on critical buckling of their plates, using a factor of safety 
of 9-5. Тһе problem of critical buckling of plates is too involved 
to be dealt with in detail. Since critical buckling may take place 
beyond the elastic range, these parts of the curve are plotted by 
using the "tangent modulus” instead of the initial modulus of 
elasticity. 


21 


о 
7 
м 


ХСІХЕ 


TO STRUCTURAL E 


"L "914 


08 oL 09 05 


og 


02 6; 


004 = Jof. имъ-р 49846 x уу 
» Алва ы #Ж и . (5) 
sens MEJ упт poo gam и (Е) 
gam блогу цим 7 20 1 fo абиту tryg sof (Z) 

PUY CISD. 

2/9/6убои Sor Joos әләм iub "be fo Boy Taff (2 
АА Ж + 2902-9у & 
27.7095 funs зобра “еф ooh: ФУ РА 
{220459 4 E o v и) «ғу = *X (2) 


{3 
yX Gog ^ 7 
520 ЕА 2207 


22 THE APPLICATION OF LIGHT ALLOYS 


AXIAL STRESS IN STRUTS. 


In this country the Perry-Robertson type of formula is used 
for axial stress in struts, i.e., 


Orehi _‏ 1+ م + و 


K,Fa = 5 2 
where К, = factor of safety (taken as 2-5). 
Е. = permissible axial compressive stress іп ton їп.? 
fy = 01% proof stress. 
fe = Eulerian stress 
l/r =  slenderness ratio = effective length -- radius cf 
gyration. 
Е = Young's modulus of elasticity (tons/in?). 
п = coefficient depending on the type of alloy used. 


Values are given in Table No. 4. 


TABLE No. 4. 


eT 0.0075 Це. 
AN } 0-003 1 
B 


ТІ 
| п 
| 
| 
HE10 - V | 
| 
| 


HE9 - WP - AWO РР 

| 0- WP - AWIOB f 00015 1» 
wW 0-003 1/2 

| -WP-AWISB || | 0500151) 


Values of F4 have been calculated for the various alloys in Table 
Хо. 4 and the results are shown graphically in Fig. 8. Note that 
in addition to the rule that the actual compressive stress P/A 
should not exceed the permissible stress Га, the strut should be 
checked for local instability as in the case of members subject to 
bending compression. The section should also be checked for 
torsional instability, using a factor of safety of 2-5. Тһе stress 
due to torsion can be found by the theory of elastic stability or by 
experiment. This test need, however, be applied only in the case 
of thin walled sections. 
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COMBINED STRESSES. 


In the case of members subject to bending in addition to direct 
stress, the member should be checked by the formula 


ја Ліс | . 
Ta * p $ 1 for direct compression and 
a Е bending compression. 
f f | Я А 
or — + == } 1 for direct tension and 
Ft ги bending stress. 
where ја = axial compressive stress. 
Fa - permissible axial compressive stress. 
Ме = maximum compressive stress due to 
bending. 
Ерс = permissible compressive stress in bending 
and ft = actual axial tensile stress. 
Ft = pernissible tensile strength. 
[bi = maximum tensile stress іп bending. 
Ей = permissible tensile stress in bending. 


The same rules apply as in the case of steel stanchions for 
effective length. | This rule doe not apply in the case of members 
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which become struts due to stress reversal due to wind loading 


only. Іп this latter case values of l/r somewhat higher than 120 
may be used. 


А 


кін Tb 


A 


Fig. 9. 


LACED AND BATTENED STRUTS. 


Such struts may be composed of cither two or four members 
battened ог laced together (Fig. 9). Battened struts should be 
avoided in cases where there is a possibility of torsion. Considering 
first the case of battened struts composed ої two channels these 
can be classified according to the proportions of the moments of 
inertia about the two rectangular axes. (1) those in which the 
moment of inertia about the stronger axis is between 1} and 6 times 
the moment of inertia about the weaker axis. In such cases the 
slenderness ratio // shall be based on the lesser radius of gyration ; 
(2) those in which the greater moment of inertia is less than 11 
times the lesser moment of inertia in which case the slenderness 
ratio shall be taken as 1-25 L/least radius of gyration ; (3) in this 
case the strut should be based upon the theory of elastic stability 
or upon actual tests. Іп any case the battens shall be placed in 
pairs opposite to each other on each side of the main members іп 
Such a manner that the slenderness ratio :—centres of battens 
divided by least radius of gyration of the individual member is not 
more than 0:6 times the slenderness ratio of the whole strut. In 
addition, the distance centre to centre of battens should not exceed 
20 times the width of the individual member. The length of 
batten plates should be not less than the distance between centroids 
of the individual members, nor should their thickness be less than 
1/36 x overall width or 0-10 in. (whichever is the greater). Rivets 
through batten plates should be between twice and three times the 
thickness of the battens in diameter and the spacing should not 
exceed 24 times the thickness of the battens. Battens and their 
connections should be designed to resist a lateral force equal to 


| 
| 


© 
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21% of the axial load on the strut. Laced members (which should 
be symmetrical about both axis) may consist of two or four members. 
They may be classified generally as for battened struts (in the case 
of two members) with the exception that in case (2) the length 
should be reduced from 1:251, to 1411. Тһе lacing system should 
be uniform throughout the length of the strut and should be 
designed to resist a lateral force equal to at least 21% of the axial 
load, divided between two faces. The lacing bars should be 
inclined to the main members at an angle of at least 45° and the 
rules governing their spacing are similar to those for battened 
struts. The plates should be provided at each end of the strut 
and at intermediate points where the lacing may be interrupted 
and these should comply with the rules for battens for battened 
struts. In designing lacing bars, the effective length should be 
taken as the actual length for single systems and 0-7 times the 
actual length for double system riveted at the crossovers. The 
width should be sufficient to allow for rivets complying with the 
requirements for rivets in battened struts. Flat bars shall be not 
less in width than 1/35 for single and 1/50 for double lacing of the 
distance centre to centre of end rivets. Where laced struts are 
subject to bending due to eccentric loading, applied moments, or 
lateral loads, in the plane of the lacings, the lacings must be designed 
as struts subject to combined bending and an additional bending 
moment PA must be allowed for 

maximum deflection due to applied moments. 
axial compression). 

The lacings shall be designed to resist a lateral force of 5% of P in 
addition to the shear resulting from the applied moments. 

For laced and battened struts consisting of four members, 
which are symmetrical about two rectangular axes, the lacings or 
battens should be designed as if the legs of the members were 
continuous across the other faces. In other words, the design of 
such struts is similar to that of struts composed of two members 
laced or battened together. 


SHEAR STRESS AND WEB BUCKLING. 


In the design of beams and plated girders it is necessary to check 
the strength of the web. The table below gives the maximum 


permissible shear stresses for the various allo 
51 


NEG -A 

HE9 - 

HE9 - WP - AW9B 
НЕЮ - W - AWI0A 


HEIO - WP - AWIOD 
HE15 - ХУ - AWISA 
HE15 - WP - AWISB 
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These stresses may be used in the case of extruded sections. 
In the case of plated or built up girders, the question of shear 
becomes more complicated. Тһе limiting value of shear stress 
should be based upon the proof stress in | shear which can be taken 
as the tensile proof stress divided by УЗ. Тһе proof shear stress 
should be divided by 2 in order to find the maximum permissible 
Shear stress. Тһе permissible shear applicable to any particular 
case will depend upon the dimensions and boundary conditions of 
the panel considered. Тһе expression for critical shear buckling 
Stress can be written as 


ЖЕ ју 
"eo E СЫ (5) 
coefficient depending on the boundary соп- 
ditions and dimensions. 
Е = Young's modulus = 4,600 tons/in?. 


І 


where K 


|. = Poisson’s ratio - 033. 
і = thickness (ins.). 
b = least dimension of panel (ins.). 


If the greater dimension of panel = a, then the coefficient К 
can be determined in terms of the ratio a/b thus (edges considered 
simply supported). 


ајо K 

H 9 
15 7 

2 66 
2-5 64 
3 6-1 
3-5 5-9 
4 58 
45 57 
5:0 ог оуег 5-26 


It should be noted that the above values are independent of the 
alloy, therefore the stresses found from the expression for тег 
must be subject both to a factor of safety of 2 and to a limiting 
Stress as set out in the table for maximum shear stresses. Тһе 
assumption is also made that the panel is efficiently supported 
by web stiffeners in order to sub-divide the length into panels. 


The web should also be checked for web buckling due to the 
effect of local load concentration (1) at the junction of the flange 
and web, апа (2) at the centre line of the web. Гог case (1) the 
compressive stress — load — stiff length x thickness should not 
exceed the safe basic compressive stress for the material. In case 
(2) the stress should be calculated as load — (stiff length + clear 
depth of web) x thickness. This should not exceed the safe 
stress for a strut of length equal to the clear height of web and 
of radius of gyration equal to 0-29 x thickness of web. In either 


TO STRUCTURAL ENGINEERING 27 
case stiffeners should be provided if the actual stress exceeds the 
permissible stress. 

Beams subject to bending compression should be checked for 
web stress. The maximum bending stress should not exceed the 
permissible stress for a strut of slenderness ratio — 2/3 x clear 
height of web + thickness of web (for beams subject to uniform 
compression over the whole area, the slenderness ratio = 4/3 x 
clear height of web — thickness of web). 


Stiffening to Webs,—Intermediate stiffeners to resist shear 
buckling of the web shall be proportioned so that the ratio :— 
moment of inertia of stiffener to fourth power of web thickness / 


varies according to the ratio clear певне ої eR and the shear 
web thickness 

stress on the web (further information on this subject will be found 
in the Bibliography). Bearing stiffeners should be proportioned 
so that the moment of inertia is the sum of the moments of inertia 
required (1) to prevent web buckling, and (2) to carry the con- 
centrated loading as а strut. Іп cases where the depth/thickness 
ratio of the web is excessive, a horizontal stiffener may be intro- 
duced. This should be placed at a distance from the compression 
flange of about one-fifth of the depth of the web. 


RIVETED AND BOLTED CONNECTIONS. 


Connections may be made by either steel or alloy rivets ог 
bolts. Alloy rivets are preferable to steel rivets owing to the risk 
of electrolytic action if the latter are used. Steel bolts should be 
galvanised or plated for the same reason. Тһе alloys commonly 
used for rivets and bolts аге AW6 апа AW13. Тһе values of steel 
and alloy rivets and bolts in shear and bearing are given in the 
tables in the appendix. In view of the fact that many of the 
sections used in light alloy structures are comparatively thin, 
particular attention should Бе paid to bearing in the design of 
connections, In addition to this precaution, care should be taken 
to investigate the strength in double shear where the metal is thin. 
If D is the rivet or bolt diameter and / is the thickness of the thinner 
plate in a single shear joint or of the middle plate in a double shear 
joint; then a reduction should be made in the double shear value, 
ranging from 2% for D/t = 1-5 to 32% for БИ = 4:0 (for single 
shear the reduction ranges from 0 for D/t = З to 4% for ОЈ = 4:0). 
Rivets or bolts should not be spaced closer together than 3 diameters 
and the distance from the nearest rivet or bolt to the end of a 
member should not be less than 2 diameters. If the end distance 
— 1$ diameter, then the effective strength — 92% of the nominal 
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strength and for an end distance - 11 diameter the effective 


strength — 5/6 x nominal strength (for bearing only). 


PRINCIPLES AND PRACTICE OF DESIGN. 


Having considered the question of design stresses, the question 
of the application of rules governing stress to design itself must 
now be considered. Light alloy design differs from steelwork 
design in several respects, in fact it is comparable to aircraft design 
in certain cases. In the first place, it must be remembered that 
the sections used are in general thinney than those used in normal 
structural steelwork and therefore problems arise with relation 
to local instability to a greater extent than in steelwork. | Secondly, 
the number of sections available in light alloy is greater than those 
available іп steel. Comparing the section in steelwork which is 
built up from standard parts by riveting or welding to the equivalent 
section in light alloy, the latter can often be extruded in one piece, 
with a corresponding saving in fabrication charges. Where a 
section is not listed in the makers’ handbooks it is often possible 
to design a purpose-made section at little or no extra charge. Гог 
example, the following sections are available in light alloy which 
are useful as beams subject to normal loading: || twin-webbed 
beams and beams with beaded edges to the flanges. The former 
type possess marked resistance to failure through lateral instability 
and the latter are resistant to failure not only owing to lateral but 
also to local instability. Another section which is extremely 
useful as a strut (¢.g., member in truss or lattice girder) is the angle 
with lipped or beaded edges. This again is not likely to fail by 
local instability and the strength-weight ratio is high in comparison 
with the angle of orthodox design. Another section which js 
available is the “Фор hat" or lipped channel. This section may be 
used as a web stiffener or in combination with plates it may be used 
to form а double-webbed girder or a stanchion (see Fig. 10). А 
section which can be easily extruded is shown in Fig. 11. This 
has several uses for example it can be used to form the floor of a 
bridge spanning between stringers or cross girders. It is strong in 
roportion to its weight and in a bridge floor, the saving in weight 
is considerable and must have the effect of economy in the design 
of main girders, piers and abutments. А similar section is used for 
loors in lorries and other commercial vehicles. Hollow rectangular 
or square sections can be extruded (within certain limits) and these 
are extremely useful as stanchions for single-storoy structures. 
When considering the design of girders of spans of say 20 to 50 ft., 
he space frame may be an economical solution. This consists 
of skew channels forming the upper booms with a splayed section 
or the lower booms, the frame being traced on the three faces with 
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light channel or angle sections (see Fig. 12}. The author used this 
section in the design of a large building for Iran, where it acted a 
purlin spanning between trusses spaced at 25 ft. centres. The 
space frame is one which uses the virtues of light alloys to the best 
advantages as the strength-weight ratio is very high. Care should 
be taken, of course, to check the booms and bracings for failure 
due to local instability. Тһе space frame can also be used for such 
structures as radio masts, tower legs or in certain cases roof girders 
spanning across a building and incorporating the purlins, cladding, 
etc. 

А point which must be borne in mind is the comparatively 
low value of E and its effect on such problems as deflection and 
local instability. To summarize this section it can be said that 
the problem of design in light alloy should be approached without 
adhering rigidly to the same methods as are used in structural 
steelwork. Іп some cases the design may be similar to a steclwork 
design for purely practical reasons, but in the majority of cases 
economical design can be achieved only by using shapes and 
sections other than those used in steclwork. The practice of 
substituting light alloy for steel sections in an existing design 
invariably results in an плесопотіс design which cannot be enter- 
tained in view of the relatively high cost of the material. | 

In some cases a composite structure тау be the best solution 
to a design problem. Іп these cases light alloy is used for that 
part of the structure where it can be utilised to its best advantage 
and other materials can be used where the light alloy could not 
be used economically. Ап outstanding example of a composite 
structure was the Dome of Discovery (Festival of Britain) Іп 
this case the dome proper was built in light alloy while the ring 
girder and its supports were built of steel. Іп other cases roofs 
built of light alloy have been supported on columns made of steel, 
concrete or brick. This is economical design since the price of 
light alloy columns is high compared with that of other materials 
and the only virtue which it may possess as a column 15 case т 
erection and resistance to corrosion. 


JIL 


Fig. 10. 
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APPLICATIONS OF LIGHT ALLOY STRUCTURES. 


The most useful applications of light alloys in structural 
engineering are those cases where its virtues of lightness and 
comparative freedom from corrosion can be utilized. Light alloys 
should not be used where another material, such as steel, would 
be more economical and it is regrettable that they have been used 
in certain cases where their use cannot be justified. 

The principal fields of usefulness can be classified thus :— 

(1) Opening and lifting bridges. 
2) Transportable or military bridges. 
) Long span bridges. 
) Transportable buildings. 
5) Long span buildings. 
) Crane jibs, excavator jibs, etc. 
) E.O.T. cranes. 
(8) Masts and towers. 

Referring to class (1) the best example of this is the bridge 
across the entrance to a dock at Sunderland, opened іп 1948. Іп 
this case the bridge was of the double-leaved bascule type giving 
а clear opening of 90 ft. and designed to carry either road or rail 
traffic in addition to pedestrian. Тһе self-weight of the bridge 
is estimated to be approximately 40% ої a similar bridge іп mild 
steel so that there is a considerable reduction in the horse-power 
of the operating machinery, as well as the saving in maintenance. 
A somewhat similar bridge has been built at Aberdeen. It is 
probable that most opening bridges of the future will be built in 
light alloy to save operating costs and also to reduce the loads on 
piers and abutments. 

(2) Light alloy offers great advantages in the construction 
of transportable or military bridges where speed of erection or 
ease in transport are prime consideration. This aspect has been 
dealt with at some length by papers referred to in the Bibliography 
and reference can be made thereto. 

(3) Long span bridges offer one of the most fruitful fields, for 
the application of light alloys since the major portion of the stresses 
is due to self-weight. | Hence it follows that any reduction of 
self-weight must have a cumulative effect on the design and it is 
probable that many long bridges will be built wholly or partly 
in light alloy. The question of deflection must, of course, be 
taken into consideration. Another advantage is, of course, the 
ease of erection : either smaller cranes, etc., can be used or larger 
pieces handled. Тһе largest bridge in light alloy which has been 
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built up to the present is the Arvida Bridge over the Saguenay 
River in Canada (span 290 ft). This is а two pin open-spandrel 
arch with columns carrying the floor system. The design is, 
however, rather a like-for-like replacement of a steel design and it 
would appear that considerable economy could have been effected 
by using a spandrel-braced type of arch, with specially designed 
sections for the cross girders and deck system. | Ап interesting 
project is that under consideration for modification to the existing 
Forth Bridge. Тһе proposal is take out the existing steel deck 
system carrying the rail tracks and replace this by light alloy. 
Above this again would be another deck carrying road-traffic. In 
fact, the bridge would then become a two deck bridge with the decks 
in light alloy and the original girders in steel, in other words the 
self-weight on the girders and piers would not be increased but the 
bridge would serve a double purpose. While the cost of this pro- 
posal is large, it is comparatively small when compared with that 
of a separate bridge designed for road traffic only and it is an 
extremely interesting example of the composite structure. Another 
interesting example is the reconstruction of an opening bridge at 
Harfleur near Le Havre. In this case a light alloy deck was used 
to replace the previous deck which was 10 in. thick timber. Тһе 
weight of the light alloy planks was 44% of the wieght of the timber. 
The “planks” which are shown in Fig. 11, were tongued and grooved 
for continuity and were laid transversely on bearers at about 3 ft. 
centres. Тһе projections on top serve to retain the filling of 
bituminous concrete especially when the bridge is in the raised 
position. 


(4) Light alloys have several advantages for temporary or 
transportable buildings owing to the reduction of weight which 
may be of vital importance in areas which are not served by normal 
means of transport. Although the cost of material is considerably 
higher than that of steel, this can offset to a great extent by the 
fact that very thin sections can be used, whereas in the case of steel 
structures, the weight may be governed by minimum thicknesses 
which are rolled or minimum sizes of sections to suit bolt diameters. 


(5) The use of light alloys for long-span buildings has the same 
advantage over steel as in the case of long-span bridges provided, 
of course, that the design itself utilizes the properties of light alloy 
to the full. Тһе Author was responsible for the design of a building 
юг Iran consisting of three 50 ft. bays each with provision for 
cranes by 300 ft. long. In this case the main stanchions and 
trusses were spaced at 25 ft. centres and the purlins and longitudinal 
members consisted of triangular or rectangular space frames. 
The cladding consisted of troughing 4" deep formed from flat 
aluminium alloy sheets and glazing on light alloy bars. At that 
time (1949) the cost was little more than that of a steel structure. 
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Since then two outstanding examples of this class have been erected 
in this country (1) the aluminium alloy hangars at London Airport. 
These consist of three spans of 125 ft. clear and are in the form of 
two pinned-arches spaced at 22 ft. centres. Тһе purlins consisted 
of light lattice girders and the roof and sides were covered with 
glazing and aluminium decking. An interesting point is that 
owing to the lightness of the arch ribs, it was possible to assemble 
these in two halves on the ground and to erect them by lifting them 
about the pins until they could be joined at the crown. Іп this 
way the erection of the hangars was completed in a short time. 
(2) An even more interesting example is the hangar recently com- 
pleted at Hatfield for De Havilland Aircraft. This has a clear 
width of 200 ft. (217 ft. centres) Тһе structural framework 
consists essentially of a two-pin braced portal girder, the foundation 
blocks being connected together by pre-stressed cables. The main 
girders are spaced at 30'-0" centres, and weigh 6.35 tons. They 
carry north-light trusses spaced at 10'-0" centres which carry 
uminium decking, bolted directly to the backs of the rafters 
which are a special extrusion. The hangar is covered with alumin- 
ium sheets on aluminium framing along one side, the other side being 
closed in by adjacent buildings. As in the case of the hangar at Lon- 
don Airport the framework was erected in a short time using light 
erection gear. It is interesting to note that, in this case, the con- 
tractors were able to obtain the contract for an alloy design in com- 
detition with other tenders for steel framework. In addition to the 
reduction in maintenance change, the aluminium has the advantage 
of reflecting light inside the hangar. 

(6) and (7) The advantages in using light alloy for Е.О.Т. cranes, 
jib cranes, excavator jibs, etc., are that owing to the reduction of 
self-weight, the power required is reduced or on the other hand, 
the load lifted can be increased. In addition, owing to the lower 
value of E, the resilience of the structure is trebled in comparison 
with steel. This is an advantage when loads are suddenly applied. 

(8) The advantages of using light alloys are, of course, due to 
their lightness which in turn facilitates transport, erection and 
cost of foundations. It is often the case that these structures 
may require to be erected at high altitudes or even upon the roofs 
of existing buildings. It has been known that transmission lines 
crossing mountains have presented great difficulty due to having 
to supply the workmen with the necessary components for towers 
so that the light alloy members which could be flown to the sites 
if necessary provide the answer to this problem as light alloy does 
not require surface treatment in many cases, the cost of galvanizing 
which is necessary for steel towers, can be saved. 


р 


Corrosion can occur as a result of either direct chemical or 
electro-chemical action. Тһе result in both cases is the formation 
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of oxides which are greyish in colour or of salts. Іп general, 
aluminium alloys are much more resistant to corrosion than struct- 
ural steels. This is due to the fact that an oxide film is formed 
on the surface. This film is thin, tough, fairly non-porous and 
chemically inert. It also has the property of attempting to reform 
when it is broken down either chemically or mechanically. Some 
alloys can be left untreated and suffer little corrosion when exposed 
to the action of rural, industrial or marine atmospheres. In the 
case of other alloys, painting or other treatment will give protection 
against corrosion. It should be noted that the depth of corrosion 
is independent of the thickness of the metal. Therefore, some 
tests on thin materials give misleading results since they state 
corrosion losses as percentages of the original weights. It should 
also be noted that the rate of corrosion diminishes rapidly owing 
to the inherent property of forming a protective layer. This is 
in contrast to the case of structural steel where rusting is a pro- 
gressive process. At the same time, in certain cases where the 
products of corrosion are soluble in the corroding medium, e.g., 
electro-chemical action, then the self-protective action does not 
take place. Іп such cases it is necessary to apply protective 
treatment to prevent progressive corrosion. 


In general, the higher strength alloys are more susceptible to 
attack than lower strength alloys, also heat-treated alloys are more 
susceptible than work-hardened alloys. Since pure aluminium 
is highly resistant to corrosion, the stronger alloys can be protected 
by cladding them with a skin of pure aluminium by rolling. This 
process is used for sheets and plates but, unfortunately, it is not 
possible to apply this process to extruded sections at the present 
time. 


Corrosion can be accelerated by high temperatures or humidity. 
In designing structures care should be taken to avoid cavities and 
pockets where moisture can be trapped. If such points occur 
they should be suitably protected. 


The most serious danger to light alloys is that of electro-chemical 
attack, since the products of this are deposited away from the 
actual points where the attack takes place. If the galvanic series 
is studied it will be seen that aluminium is anodic to most metals 
such as iron and steel, lead, copper, nickel and chromium, t.e., it 
acts as a protection to these metals and suffers loss in consequence. 
The greater the difference in electro-potential in comparison with 
aluminium the greater this action becomes. Оп the other hand, 
zinc is anodic to aluminium and, therefore, galvanizing and zinc 
spraying will act as a protection. Aluminium spraying and 
cadmium plating can also be used as a protection. Electrolytic 
action leading to corrosion can take place within the metal but 
this can occur only in certain alloys due to faulty heat-treatment. 
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Stress Corrosion may take place in alloys subject to internal 
corrosion where the stresses applied to the material amount to 
90% or more of the proof stress. Тһе combination of applied 
stress and internal corrosion may cause local yielding at certain 
points which prevents further deformation until more corrosion 
at another point causes further yielding. If a stress corrosion 
crack appears, this will develop rapidly. Тһе copper and zinc 
alloys have a tendency to stress corrosion but this usually takes 
place due to faulty heat-treatment and stress due to work being 
done on the material when it is too hard. 


Protective Finishes, Ав stated, some light alloys do not require 
any protective finish, but some finish may be used for the sake of 
appearance or to hide the effects of corrosion. In any case, the 
materials should be cleaned and freed from grease by some agent 
such as de-oxidine. | Aluminium alloys have a very smooth surface 
and it is necessary to use a mordant or etchant in the priming 
coat. If a mordant or etchant is not used, the surface should be 
roughened by wire-brushing. Priming coats should be resistant 
to moisture and should contain corrosion inhibitors. Usually 
either zinc or barium chromate is used for this purpose. The 
under and finishing coats can be of various kinds according to the 
required appearance or conditions of exposure. Lead compounds 
or graphite should be avoided in the paint, especially where there 
is a possibility of contact with sea-water. Anodising and chemical 
dipping can be used as a preparation for painting. Anodising 
consists of an clectrolytic process which builds up a coat of oxide 
up to 001 inch thick above the natural coating thereby providing 
additional resistance to corrosion and wear. This film can be 
dyed if necessary for decorative purposes. Chemical dipping 
also causes resistance films. 

In addition to protective finishes, various compounds are used 
where light alloys are likely to be in contact with other metals or 
certain other substances. They should be used in all cases where 
electro-chemical action is possible or to exclude moisture. Most 
of these compounds contain soluble inhibitors such as chromates 
and some of them never harden completely so that slight relative 
movements can take place without breaking the scal. These 
compounds should be applied on all sides of meeting surfaces so 
that moisture does not cause a breakdown of the seal. 


In cases of severe corrosive conditions it is well to consult expert 
opinion. Тһе following general statements may be accepted as 
being applicable. Гог rural areas, only unclad AWIS need be 
painted unless there is danger of local pollution. In urban at- 
mospheres, the presence of soot or sulphurous gases in solution 
forms an acid which attacks the protective oxide film and also 
solid particles of soot or carbon may settle on the surface. | These 
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may cause electrolytic action when moisture is present and pitting, 
although the amount of corrosion may be small. For such con- 
ditions AW10 and AW15 should be painted; other alloys may be 
left unpainted. Alloys are not usually affected by fresh water 
but alloys exposed to sea water and sea air are attacked by chlorides 
which penetrate the oxide film very easily. Pure aluminium and 
magnesium-aluminium alloys are not affected since a continuous 
film of oxide is built up. AW6 and alloys which have been coated 
with pure aluminium do not require painting but other alloys 
should receive two coats. AW6 is used for shipbuilding and 
AW7 is also used for marine purposes. It is interesting to note 
that fully heat-treated AW15 appears to be susceptible to attack 
by marine atmospheres in sheet form but not when extruded. Гог 
that reason sheets or plates іп AWIS may be clad with "pure" 


aluminium. 


Chemical Action, Aluminium alloys are attacked by free lime 
in cement, mortar, concrete and plaster. In general this action 
is temporary and superficial but protection in the form of bitu- 
minized paper or paint should be used. This is particularly 
desirable for thin sections. High alumina cement should be used 
where light alloy has to be grouted in. Up to the present there is 
little information available on the action of soils on light alloys. 
Attack may occur in acid or alkaline soils. 


Magnesium Alloys. It is not proposed to deal with these at 
any length. While magnesium is widely distributed and is a 
useful alloying material, its own alloys suffer from the disadvantage 
of very high price and their resistance to corrosion is not as good 
as that of aluminium alloys under certain conditions. — It is possible 
that their usefulness will increase. Тһе most useful alloy is the 
magnesium-zirconium alloy whose proof strength is equal to that 
of mild steel. Тһе specific gravity is about one-fifth that of mild 
steel but the value of Young's modulus is also about one-fifth of 
that of mild steel, a fact which must be remembered when con- 


sidering deflection. 


Economics of Light Alloys. In considering the question of 
design economics, the question of relative prices must be considered. 
At the time of writing, the basic price of mild steel can be taken 
at £30 per ton whereas that of aluminium alloys is approximately 
1280 per ton. Іп order to obtain a fair comparison the ratio of 
specific gravities must be taken into consideration. Оп the basis 
of equivalent volumes, the price of the light alloy becomes £95 per 
ton. In each case the cost of fabrication must be taken into 
consideration but it can be said that to be competitive on first cost, 
the weight of light alloy structure should be about one-fifth of the 
steel structure. The factors which must be borne in mind are 
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the reduced transport and erection charges, also that the lifting 
tackle may be reduced or, conversely, larger units can be handled 
with the same tackle. In addition, the overall cost for any 
structure includes the cost of maintenance over a period of years, 
and since the corrosion resistance of light alloys is markedly high, 
the light alloy design may be the more economical. It cannot 
be argued that light alloys should be used as a substitute for normal 
structural steelwork, but rather whether a saving in weight or in 
maintenance charges is of more importance than first cost. Any 
reduction in price of the basic sections which may occur as a result 
of fresh process would, of course, alter Ше position relative to 
structural steclwork and widen the field of application of light 
alloys to structures. 
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APPENDIX. 


PROPERTIES OF SECTIONS IN TERMS OF THICKNESS (t). 
(See Fig. 13). 


| 
| Equal Angles | Unequal Angles Channels 
| Property (Beaded) | (Beaded) | (Beaded: 
| Ата 5498 | 49:92 74 
ри 1 € | 24300 123608 
To 26007 12348 | 24018 
hy | н 19-02! 
| ky 98: 5:70 
ko 8-551 | == 
Ко 4-681 зви 
Zee М TAM 1828 | 
Zu d 1867 1168 | 
1 519п 50-24 | 
Range | 14” x14" to 7" x 7" 1i^x11^to 8"x6" | 21"x11"to 8"x4" 


Notes.—When unequal angles are used in pair :— 


(1) Long legs 6 to b. Radius of gyration is approximately the same 
іог both principal axes. 


(2) Short legs 0 to b. Radius of gyration about one axis is twice that 
about the others. 


Weights/per ft. run. For HE9 & 10 multiply area x 17176. 
HE15 n n 2125, 


The above sections have recently been designed to provide economical 
standard sections. In view of the fact that the outstanding edges have been 
beaded, the risk of failure due to torsion or local buckling (in the case of 
struts) or local buckling in the case of beams has been almost entirely 
eliminated. | Whore sections of the I type are required for use as struts, e.g., 
posts in lattice girder construction, it is recommended that the proportions 
used be depth — width — 25/, and that the beads and splays at the junctions 
of flanges and web be made similar to those used for channels. 
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APPENDIX. 


SINGLE SHEAR STRENGTH OF RIVETS AND TURNED BOLTS (TONS). 


STEEL AW6 and AWI13 
Diar. Area Shop Rivets | Site Rivets 
Tu and Site Rivets Shop Rivets | and 
Turned Bolts Turned Bolts 
d :0767 -384 275 +230 
+ :1503 52 -541 451 
+ -2485 895 “745 
+ 3712 1-115 
Я -5185 1-555 
d -6903 2-07 
1% :5866 2-66 


SINGLE SHEAR STRENGTH OF ORDINARY BOLTS (TONS). 


Diar. Area in. Stecl AW6 and АМІЗ 
i "0491 :196 -113 

% -1104 441 276 

1 -1963 491 

E 3068 267 

i 4418 1-105 

3 -6013 1-503 

і 7854 


1-963 
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